Summary: To begin elucidating the biochemical basis of the polarized membrane features of the blood-brain bar rier (BBB), a series of immunochemical and immunoper oxidase studies were initiated with bovine brain micro vessels that make up the BBB in vivo. A rabbit antiserum was prepared against isolated bovine brain BBB plasma membranes. The bovine microvessel plasma membranes were radioiodinated with chloramine-T, and the anti serum selectively immunoprecipitated a 46K protein. The antibodies directed against the 46K protein were quanti tatively absorbed with bovine brain capillaries but not with rat kidney or liver powder. Only the capillaries of brain reacted with the rat kidney-absorbed antiserum in immunoperoxidase studies of ethanol-fixed, 8-f.Lm sec tions of bovine brain cortex, whereas the capillaries in The brain of essentially all vertebrates is charac terized by capillary endothelial cells with unique morphologic characteristics. Brain capillary en dothelial cells have high-resistance tight junctions comparable with other transporting epithelial systems and also have a paucity of the pinocytosis or fenestrations that are found in capillaries in pe ripheral organs (Brightman, 1977) . The presence of tight junctions in brain capillary endothelia makes this cell biochemically and functionally polarized, similar to other transporting epithelial systems (Betz et aI., 1980).
The brain of essentially all vertebrates is charac terized by capillary endothelial cells with unique morphologic characteristics. Brain capillary en dothelial cells have high-resistance tight junctions comparable with other transporting epithelial systems and also have a paucity of the pinocytosis or fenestrations that are found in capillaries in pe ripheral organs (Brightman, 1977) . The presence of tight junctions in brain capillary endothelia makes this cell biochemically and functionally polarized, similar to other transporting epithelial systems (Betz et aI., 1980) . heart, liver, and kidney did not react. This antiserum also strongly illuminated the lateral membranes of isolated bovine brain capillary endothelial cells grown in primary tissue culture. These studies provide evidence for a po larized distribution of a surface antigen in bovine brain capillary endothelial cells that is not present in capillary endothelia of liver, heart, or kidney. The correlation of the immunoperoxidase and immunoprecipitation tech niques suggests that a candidate for the asymmetrically distributed surface antigen in the BBB is the 46K protein.
The relationship between the 46K protein and the com position of BBB tight junctions remains to be deter mined. Key Words: Brain microvessels-Capillary trans port-Cell biology-Plasma membranes-Surface an tigens-Tight junctions.
The individual proteins expressed within the brain capillary that are associated with the polariza tion of the endothelial cell membrane have not been characterized thus far. Therefore, the present studies were aimed at the preparation of a rabbit antiserum against brain capillary endothelial plasma membranes and the biochemical character ization of major surface antigens in the plasma membrane fraction using immunoprecipitation and sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE). In addition, since Bowman et al. (1983) have shown that brain capil lary endothelial cells in primary culture have tight junctions, a secondary aim of the present studies was to test for polarized distribution of blood-brain barrier (BBB) surface antigens in this culture system.
MATERIALS AND METHODS

Microvessel isolation
Bovine or rat brain capillaries were isolated with a me chanical homogenization technique (Pardridge et a1., 1985a) . Bovine brains were obtained fresh from a local slaughterhouse on the morning of the capillary isolation and were transported to the laboratory in ice-cold buffer. For the preparation of rat brain microvessels, �50 rats were decapitated and the cortical shells were obtained and placed on ice in buffer. The final preparation consists primarily of capillaries, but also contains minor amounts « 10%) of small arterioles as well as occasional erythro cytes trapped in the microvessel lumen. The micro vessels are free of adjoining brain tissue when examined by light or phase microscopy (Pardridge et aI., 1985b) . The final capillary pellet was suspended in buffer A [103 mM NaCI, 4.7 mM KCI, 1.2 mM KH2P04, 1.2 mM MgS04, 15 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), pH 7, 25 mM NaHC03, 10 mM glucose, I mM pyruvic acid] containing 0.5 g/dl bo vine albumin and was cryopreserved in 10% dimethylsul foxide (DMSO) at -70°C in liquid nitrogen. Approxi mately a 50-70% yield of the capillaries was recovered from the cryopreservation procedure; previous studies showed the specific activity of insulin binding to the mi crovessels is unchanged in the cryopreserved capillaries compared with freshly isolated capillaries (Pard ridge et aI., 1985b).
Isolation of bovine capillary plasma membranes
When membranes were isolated, this procedure was carried out on the same day as the capillary isolation and the method of Lidinsky and Drewes (1983) was used as described previously (Pardridge et aI., 1985b) . Briefly, the capillaries were subjected to hypotonic lysis, and the microvessel ghosts were collected as a pellet after a 15,000-g 10-min centrifugation at 4°C. The supernatant was recovered and used as capillary cytosol. The base ment membrane was separated from the capillary plasma membrane by sonication as described previously, fol lowed by a 25,000-g centrifugation at 4°C for 5 min. This procedure formed a dense basement membrane pellet. The supernatant was decanted and was transferred to new tubes, stored at -70°C in 0.05 M Tr is (pH = 7.4), and used subsequently as the plasma membrane fraction.
Preparation of antisera
The membrane fraction was mixed in a 1:2 ratio with complete Freund's adjuvant and this mixture was emulsi fied in glass syringes. The mixture was injected into the back of a mature New Zealand rabbit in multiple areas followed by a booster with a similar mixture 4, 8, and 12 weeks later. The rabbit was bled 2 weeks after the booster for a maximal titer. Both the primary and booster injections contained �0.6 mg of plasma protein.
Radioassay of anti-microvessel antibodies
Approximately 150 f.Lg protein of isolated bovine or rat microvessels was mixed with various dilutions of rabbit antisera or pre immune sera in 450 f.L1 of Ringer's-HEPES buffer (141 mM NaCI, 4 mM KCI, 2.8 mM CaCI2, 10 mM HEPES, pH 7.4) containing 0.25 f.LCi 1 2 5I-protein A and was incubated for 45 min at 23°C. [Protein A is a staphylo coccal protein that binds the Fc fragment of most sub classes of immunoglobulins (Langone, 1978) .]Four hundred microliters of this mixture was then centrifuged at 10,000 g in a microfuge for 45 s, the supernatant was aspirated, and the tip of the tube was cut with a razor blade into 0. Lowry et al. (1951) . The percentage of radioactivity associated with the cell pellet per milligram protein was computed and this was used as a quantitative measure of anti-brain microvessel antibody.
SDS-PAGE
The plasma membrane fraction of the rat or bovine brain microvessels was analyzed by discontinuous SDS PAGE using the method of Laemmli (1970) with a 4% stacking gel and either a 6-15% gradient or a 12% sepa rating gel as described previously (Pardridge et aI., 1985c) . The ratio of acrylamide to N,N'-methylene bis was 11.2. Approximately 100 f.Lg protein was applied per well, and electrophoresis was performed at a constant voltage of 100-150 V for �5 h. Prior to application to the well, the protein mixture was solubilized in SDS sample buffer, which contained 0.05 M Tr is (pH 6.8), 10% glyc erol, 2% SDS, 5% 2-mercaptoethanol, and 0.001% bro mophenol blue. The sample was heated by boiling for 3 min followed by centrifugation at 1,000 g for 5 min prior to application to the well. Low molecular weight stan dards from Bio-Rad were also run concurrently in all electrophoretic runs. After electrophoresis, the gel was stained for 30 min in 45% methanol, 10% acetic acid, and 0.2% Coomasie blue R-250, followed by destaining over night in 10% acetic acid and slab dryer pretreatment in 3% glycerol and 7% acetic acid for I h. Slabs were dried using a Bio-Rad slab dryer model R224.
Radioiodination of BBB plasma membrane and synaptosomal membrane fractions
The BBB plasma membrane fraction was evaporated to dryness and then solubilized in 0.02 ml of 0.3 MNaHzP04 (pH 7.4) and 1% Tr iton X-100 at room temperature for 15 min; 10 fLl of 1251 (4 mCi, 1.9 nmol in 0.1 M NaOH) was added. To this mixture was added 5-10 fLl of 0.4 mg/ml fresh chloramine-T, followed by incubation for 60 s at room temperature. The mixture was then placed over a 0.7 x I8-cm G-25 (medium) column followed by elution with 20 ml of phosphate-buffered saline and 1% Tr iton X-lOO. The radioiodinated membranes eluted as one peak at 3.5 ml of the column followed by elution of the unreacted iodine at 8.5 ml. The specific activity of the iodinated membranes was 3-5 fLCi/fLg. The iodinated membranes (0.5 ml) were clarified by centrifugation for 30 min in a Beckman airfuge (178,000 g) followed by the addition of 20 fLl rabbit preimmune serum and 400 fLl Pansorbin. After 30 min on ice, the solution was centri fuged in a Beckman microfuge (8,700 g) for 5 min at 4°C, and the pellet was discarded. The supernatant was brought up to 2.9 ml 0.05 M NaH2P04 (pH 7.4) and 1% Tr iton X-I00 and aliquoted to 250-fLl samples. Antiserum, pre immune serum, or buffer was added to a final serum dilution of I :500. After overnight incubation at 4°C, 100 fLl of Pansorbin was added to each tube. This mixture was then incubated on ice for 30 min followed by a 1O,000-g centrifugation for 5 min at 4°C in a microfuge. The super natant was removed and discarded and I ml of wash buffer was added followed by repeat centrifugation. This wash process was repeated three additional times. The wash buffer consisted of 0.1 M Tr is . CI (pH 7.4) and 0.1 % Tr iton X-lOO. The final precipitate was suspended in 60 fLl of SDS sample buffer. After boiling for 5 min and centrifuging for 60 s in a microfuge, 20 ILl was spotted onto the slab gel. Following electrophoresis, the slabs were stained, destained to visualize the Bio-Rad molec ular weight standards, and then dried for autoradi ography. The dried slab gels were exposed to Kodak XAR-5 film using DuPont Cronex intensifying screens.
In other studies, BBB plasma membranes and crude synaptosomal membranes were separately iodinated and immunoprecipitated. The synaptosomal membranes were prepared as described previously (Pardridge et aI., 1985c) , and these membranes have not more than a 2.4% contamination by BBB plasma membranes based on mea surements of l'-glutamyl transpeptidase activity (Par dridge et aI., 1985c). The studies involving parallel im munoprecipitation of iodinated capillary versus synapto somal membranes showed if any major capillary surface antigens were also present on synaptosomal membranes.
Immunoperoxidase histochemistry
Bovine brain microvessels or isolated capillary endo thelial cells were adsorbed to a glass slide with centrifu gation in a cytospin at 300 rpm for 5 min. The capillaries or endothelial cells were fixed in 10% formalin in Tr is buffered saline (TBS) (0.1 M Tr is, 0.15 M NaCI, pH 7.4) at 4°C for 15 min, followed by washing in 0.05 M TBS and then by 3% goat serum for 30 min at 23°C and TBS wash. Either the hyperimmune or the preimmune serum was applied at a dilution of I: 100 to 1 :500 and was incubated at either 23°C for 60 min or overnight at 4°C. After washing, a biotinylated goat anti-rabbit antiserum was applied for 30 min. After a wash, a mixture of avidin and biotinylated horseradish peroxidase was applied for 30 min followed by developing in 3-amino-9-ethylcarbazole (AEC) for 30 min at 37"C (Hsu et aI., 1981) . The AEC developer consisted of 0.02% AEC, ]0% DMSO, and 0.2% hydrogen peroxide in 0.2 M sodium acetate (pH 5.1). After developing in AEC, the slides were washed with water followed by Mayer's hematoxylin counter staining.
Intact bovine tissue (brain cortex, heart ventricle, kidney, and liver) was obtained fresh from a local slaugh terhouse and fixed in 80% ethanol overnight at 4°C. Tissue blocks were paraffin embedded and 8-lLm sections were cut. After paraffin removal, the sections were incu bated overnight at 4°C in 1 :500 dilutions of antiserum that had been preabsorbed with rat liver and kidney powder. The controls were absorbed preimmune serum. The sec ondary antibody was a 1 :20 dilution of a swine anti-rabbit antiserum, and the tertiary antibody was a rabbit anti horseradish peroxidase-peroxidase conjugate diluted 1:70 (Sternberger, 1979) . The chromagen was 0.02% AEC, 0.2% H202 in 10% DMSO, and 0.02 M sodium ace tate (pH 5.1). This mixture was reacted with the bound peroxidase conjugate for 10-30 min at 37°C, followed by a final water wash. Sections were photographed without counterstaining.
Antiserum absorption
Antisera and preimmune sera were absorbed sequen tially with 100 mg rat kidney powder and 100 mg rat liver powder per 1 ml of 1 :250 dilutions of serum. The mix tures were shaken for 60 min at 37"C and clarified at 1,000 g for 10 min. Rat kidney and liver powders were prepared from cold acetone homogenate (Tabor, 1955) . Antisera were similarly absorbed with 5 mg protein of isolated bo vine capillaries per 1 ml of 1:250 antiserum dilutions.
Isolation and culture of brain capillary endothelial cells
Bovine brain endothelial cells were prepared by the method of Bowman et al. (1983) . Cortex was obtained from two bovine brains and placed in �250 ml of Dul becco's Modified Eagle Medium (DMEM) (pH 7.4), fol lowed by mincing of the tissue with a razor blade on a petri dish. The solution was brought to 500 ml with DMEM and was made 0.5% dispase. The solution was then placed at 37°C and stirred for �2.5 h. The homoge nate was centrifuged at 1,000 g at 4°C for 10 min and the pellet was resuspended in 250 ml of DMEM containing 13% dextran. This suspension was then centrifuged at 5,800 g for 10 min at 4°C. The microvessel pellets were pooled and suspended in 20 ml DMEM containing 0.1 % collagenase, and this mixture was shaken gently at 37°C overnight. The next day, the suspension was centrifuged at 1,000 g for 5 min at 4°C. The pellet was resuspended and layered on top of a preestablished 50% Percoll gra dient in medium 199 and 30 mM Na HEPES (pH 7.4) and centrifuged at 1,000 g at 4°C for 10 min. The Percoll gra dient results in the formation of three layers: a top layer of cellular debris, a middle layer of endothelial cells, and a bottom layer of red cells. The middle endothelial layer was collected and washed free of Percoll with DMEM. The cells were either plated onto collagen-coated petri dishes for culture or adsorbed to glass slides in a cytospin (see above) for either avidin-biotin-peroxidase or l'-glu tamyl transpeptidase histochemistry.
Cells were cultured for up to 3.5 weeks and were grown in DMEM containing 10% fetal calf serum, 45 mM Na HEPES (pH 7.4), 21 mM NaHC03, 100 ILg/ml strep tomycin sulfate, 100 ILg/ml penicillin-G, and 1.25 ILg/ml fungizone. Cells were cultured in 35-mm plastic pe�ri dishes coated with 0.24% bovine dermal collagen (Vlt rogen 100:95% collagen, type I; 5% collagen type III) and were grown in a humidified atmosphere of 95% air-5% CO2, Medium was changed every other day. For l'-glu tamyl transpeptidase assays, cells were fixed in cold ace tone-methanol (1: I) for 5 min. For immunoperoxidase studies, cultured cells were fixed in 10% formalin in TBS at 40C for 15 min.
Miscellaneous methods
Enzyme activity for alkaline phosphatase or l'-glutamyl transpeptidase was measured colorimetrically using pre viously described methods for assessment of enzyme ac tivity in brain homogenate, capillary, and membrane fractions (Linhardt and Walter, 1963; N aftalin et aI., 1969) . Histochemical detection of l'-glutamyl transpepti dase in acetone-fixed endothelial cells was determined using the method of DeBault and Cancilla (1980) . Protein A was iodinated with chloramine-T to a specific activity of 3-5 ILCilILg (Langone, 1978) . 
RESULTS
Characterization of plasma membrane fraction
The microvessel and the plasma membrane frac tion were enriched severalfold over the starting ho mogenate in enzyme markers of endothelial plasma membranes, alkaline phosphatase, and 'Y-glutamyl transpeptidase ( Table I) . The Coomassie Blue stains of rat and bovine microvessel plasma mem branes are shown in Fig. I . Although quantitative differences are apparent in the bovine and rat plasma membrane fraction, there is a qualitative similarity between the two species. Both bovine and rat membrane fractions are characterized by dominant bands at � 14K-18K, 31K-37K, and 46K. In addition, other studies have shown that the brain capillary insulin receptor is quantitatively re covered in the plasma membrane preparation (Par dridge et aI., 1985b), and that virtually all of the brain capillary protein phosphorylation is found in this plasma membrane fraction (Pard ridge et aI., 1985c).
Protein A assay for detection of anti-microvessel antibodies
The solid-phase radioantigen assay for detection of anti-microvessel antibodies in rabbit antisera is shown in Fig. 2 . As described in Materials and Methods, rabbit antisera were prepared against both rat and bovine microvessel plasma mem branes, and these sera were tested with the protein A assay. Injection of bovine brain microvessel plasma membranes into rabbits resulted in a sub stantial immune response with detection of anti bodies out to a dilution as high as 1 :50,000 when bovine microvessels were used as the solid-phase antigen source (Fig. 2) . Conversely, dilutions from 1: 100 to 1: 10,000 of preimmune serum resulted in background binding of 1 2 5I-protein A to bovine mi crovessels, e.g., �5% bound per mg protein (data not shown). The rabbit antiserum against rat BBB plasma membranes bound to rat brain microvessels at relatively concentrated dilutions of 1: 100 to 1: 1 ,000 (Fig. 2) . A significant species difference ex isted since the dilution of the antiserum against bo vine plasma membranes that resulted in half-max imal binding to bovine microvessels was � 1 ,000-fold greater than the dilution that resulted 10 half-maximal binding to rat brain microvessels.
Immunoprecipitation of bovine microvessel plasma membranes
Bovine plasma membranes were radioiodinated and separated by SDS-PAGE. The autoradiogram of the immunoprecipitate is shown in Fig. 3 . The ";"" a. (Fig. 3) . The minor im munoprecipitate migrating at a molecular weight of 66K is likely a bovine albumin impurity in the membranes. In other studies (data not shown), 1251_ bovine albumin was weakly immunoprecipitated by the antiserum. The albumin impurity can be practi cally eliminated by isolation of the capillaries in al-
Iodinated bovine brain microvessel plasma mem branes. Proteins were radioiodinated with 1251 and chlora mine-T to a specific activity of 5 f,LCi/f,Lg, followed by immu noprecipitation (see Materials and Methods) with 1 :500 anti serum to bovine plasma membranes. Migration of molecular weight standards on the 6-1 5% gradient gel is shown. Anti serum selectively precipitates a 46K protein as shown by the gel scan.
1:100,000
FIG. 2. Quantitative 1251-protein A radioan tigen assay. Detection of antibodies against brain microvessels is shown for various dilu tions of rabbit antisera prepared against either rat or bovine brain microvessel plasma mem branes. Antisera were mixed with either bo vine or rat brain microvessels and 1251-protein A at 23°C for 45 min followed by microfuge centrifugation at 10,000 9 for 1 min. Radioac tivity in the pellet is a quantitative measure of the presence of anti-microvessel antibodies in the serum sample. In all cases the percentage of protein A bound per milligram protein for each given dilution of rabbit antisera was cor rect for background binding of 1251-protein A to the microvessel, which occurred in the ab sence of antibodies in the incubation mixture. BBB, blood-brain barrier.
bumin-free isolation buffers containing 0.5% dex tran (Pardridge et aI., 1985c) .
The 46K protein was completely absorbed by isolated bovine brain capillaries but not by rat kidney powder (Fig. 4) . The 46K protein was not detectable in synaptosomal membranes. As shown in Fig. 5 , the immunoprecipitate of the kidney powder-absorbed antiserum and iodinated bovine synaptosomal (P 2 ) membranes contained no signifi cant bands. Conversely, the immunoprecipitate of the capillary membranes showed the usual pattern with predominance of the 46K protein (Fig. 5) . Both the BBB and the synaptosomal membrane preparations used in these studies were iodinated to a comparable specific activity of 1.5-2 (J.Cii(J.g pro tein.
Immunoperoxidase Unabsorbed antiserum reacted broadly with many cell types in brain, liver, kidney, and heart. However, after absorption of the antiserum with rat liver and kidney powder, the nonspecific staining of these tissues was abolished, leaving only a specific illumination of capillaries in brain (Fig. 6) . Capil laries in heart, liver, and kidney were not stained in the immunoperoxidase assay using kidney-liver absorbed antiserum (Fig. 6) . However, the epithelia lining the biliary ducts in bovine liver were stained by the absorbed antiserum (not shown). The en dothelia, but not smooth muscle, of brain arterioles were also stained by the absorbed antiserum (not shown).
Isolated bovine brain capillary endothelial cells were darkly stained by the anti-BBB antiserum at the lateral surfaces of the cells (Fig. 7) . The en dothelial cells were presumed to be depleted of pericytes after the overnight collagenase digestion technique of Bowman et al. (1983) because these cells were >90% positive for -y-glutamyl transpepti dase (data not shown), a brain capillary endothelial specific marker (DeBault and Cancilla, 1980) .
The isolated endothelial cells were grown in pri mary tissue culture for 22 days and were tested for reactivity with the anti-bovine plasma mem brane antisera. While preimmune sera showed only a fa int speckled pattern (data not shown), the anti bovine BBB antiserum avidly bound the lateral membranes of the cultured bovine brain endothelial cells (Fig. 7) .
DISCUSSION
The most abundant proteins in the brain capillary are a 46K protein and a family of low molecular weight proteins of 14K-18K (Fig. l) . The present studies indicate that the brain capillary 46K protein is not present in cells in brain, other than the capil lary cells, and is not present in the endothelia of liver, heart, or kidney. The present studies also provide evidence that the 46K protein may be asymmetrically localized to the lateral membranes of brain capillary endothelia and possibly to the tight junction. The evidence that the 46K protein is specific to the brain capillary is provided in Fig. 6 , which is an immunoperoxidase study showing that the kidney powder-absorbed antiserum selectively illuminates the capillaries in brain but not in liver, heart, or Specific immunoprecipitates are barely detectable using the synaptosomal membranes and the anti-capillary antiserum.
and no specific precipitation of a synaptosomal 46K protein is observed.
FIG. 7.
Avidin-biotin-immunoperoxidase study of rabbit antisera binding to isolated bovine brain capillary endothe lial cells. Top: Rabbit antiserum against bovine microvessel plasma membranes or control preimmune rabbit sera was in cubated with isolated bovine brain endothelial cells at a serum dilu, tion of 1 :500. The preimmune serum bound faintly to the bovine endothelial cells (not shown). Antiserum against bovine microvessel plasma membranes bound avidly to the lateral membranes of the isolated endothelia, resulting in a ring-like illumination of the lateral margins of the cells.
x 1,250. Bottom: Antiserum directed against bovine micro vessel plasma membranes (1 :100 dilution) was reacted with a 22-day-old culture of bovine brain endothelial cells grown to confluency. Antiserum illuminated the lateral membranes of the vast majority of the cells on the culture dish, whereas preimmune serum did not bind to the cultured endothelia at a 1:100 dilution (data not shown). x 50. (Fig. 4) or by absorption with both kidney and liver powder (Fig. 6) . The absorption studies indicate that if the 46K protein is also present in liver or kidney, then this protein is a rela tively minor component of these tissues. With re gard to the possible presence of the brain capillary 46K protein in neurons and glia, previous studies have shown that a 46K protein is present in a brain capillary-free crude synaptosomal fraction (Par dridge et aI. , 1985c). However, the synaptosomal protein is immunologically distinct from the capil lary 46K protein since the synaptosomal 46K pro tein is not immunoprecipitated by the antiserum (Fig. 5) . The localization of the 46K protein to the en dothelial lateral membrane is at this point a tenta tive identification. Affinity purification of the anti serum with purified 46K protein will provide a more definitive answer in future immunoperoxidase studies. However, given the parallel results of the immunochemical studies shown in Figs. 3 and 4 and the immunoperoxidase studies in Fig. 7 , which shows a ring-like illumination of the endothelial cells by the antiserum, it seems reasonable at this point to consider an asymmetric localization of the 46K antigen in the brain capillary endothelial plasma membrane. The ring-like illumination of the lateral membrane of the endothelia shown in Fig. 7 is a typical pattern in immunoperoxidase studies done in epithelial cells wherein the antibody is di rected against an antigen that is selectively local ized to the basolateral membrane as opposed to the apical membrane (Rodriguez-Boulan, 1983; Ojaxian and Herzlinger, 1984) . Attempts to obtain evidence for the ultrastructural localization of the endothelial surface antigens using electron microscopic im munoperoxidase experiments have been con founded by the fact that low doses of glutaralde hyde (e.g. , 0.02%) render the endothelial antigens inaccessible to our antiserum (unpublished experi ments). Regarding the possible ultrastructural local ization of the brain capillary 46K protein, it is possible that this protein is a component of the endothelial tight junctions in brain capillaries. It is of interest that a recent biochemical study of the epithelial tight junction of mouse liver bile ca niculus has shown that the dominant protein in this tight junction has a molecular weight of 48K (Ste venson and Goodenough, 1984) .
Finally, no measurable antigenic response was di rected against the family of 14K-18K low molec ular weight proteins in the brain capillary (Figs. 1  and 3 ). These proteins may be too small to mount a significant antigenic response in rabbits. However, these proteins, like the 46K protein, may also be BBB specific. Recent studies comparing the protein profiles on SDS PAGE of isolated bovine brain cap illary plasma membranes and bovine synaptosomal membranes have shown that the 14K-18K proteins in the brain capillary are not detectable in the crude synaptosomal preparation that is 98% fr ee of brain capillaries (Pardridge et aI., 1985c) . The finding of a selective localization of the 14K-18K proteins to the capillary in brain suggests that the preparation of antibodies to these proteins may provide infor mation regarding their function in the regulation of the BBB phenomenon.
